A dvances in stent technology, procedural technique, and interventional processes of care have contributed to step-wise improvement in outcomes after primary percutaneous coronary intervention (PCI) for ST-elevation myocardial infarction (STEMI).
blood flow, limiting distal embolization and preserving microcirculatory integrity have been major goals of recent adjunctive device development. The introduction of mechanical thrombectomy devices showed considerable initial promise in meeting these standards. An upfront strategy of thrombus aspiration appeared to facilitate certain aspects of stent deployment by allowing for more-optimal visualization of the culprit lesion, increasing rates of direct stenting, and minimizing postdilatation. 2 These technical advantages were coupled with improvement in surrogate markers of myocardial reperfusion and ventricular function with manual thrombectomy. 3 However, despite its strong theoretical and intuitive basis for incremental value, results from pivotal trials and "real-world" registries of manual thrombectomy have not consistently demonstrated clinical benefits over standard PCI.
The TOTALity of Evidence
The rigorous comparison of manual thrombectomy with conventional PCI alone has been the subject of over 20 randomized, controlled clinical trials in the last several years. [4] [5] [6] The majority of studies enrolled fewer than 500 STEMI patients with mean age 60 to 65 years presenting within 6 hours of symptom onset. Most trials evaluated the Export â catheter with 1 to 6 months of follow-up.
Periprocedural thienopyridine dosing, frequency of glycoprotein IIb/IIIa inhibitor utilization, and rates of direct stenting varied considerably across studies. [4] [5] [6] Three landmark trials have shaped the current landscape of our understanding of the risks and benefits of this adjunctive approach. First, TAPAS (Thrombus Aspiration during Percutaneous Coronary Intervention in Acute Myocardial Infarction Study), a single-center study, showed lower rates of unfavorable myocardial blush grade with the addition of manual thrombectomy in 1071 patients presenting with STEMI undergoing PCI. 7 Manual thrombectomy reduced the absolute risk of major adverse cardiac events by 2.6% at 30 days and cardiovascular (CV) mortality (CVM) by 3.1% at 1-year follow-up, although these clinical endpoints were not prespecified in TAPAS. 8 Despite this encouraging signal, TASTE (Thrombus Aspiration in ST-Elevation Myocardial Infarction in Scandinavia) was subsequently published and reported conflicting results. TASTE was a multicenter, registry-based, randomized trial of 7244 patients with STEMI and failed to show a difference in all-cause mortality at 1 year between the thrombus-aspiration and PCI-only arms (5.3% vs. 5.6%, respectively). 9 Most recently, TOTAL (Trial of Routine Aspiration Thrombectomy with PCI versus PCI Alone in Patients with STEMI) was an international, multicenter trial representing the largest randomized experience of manual thrombectomy conducted to date (n=10 732). 10 At 180 days, routine manual thrombectomy did not reduce the composite primary endpoint of CV death, recurrent myocardial infarction (RMI), cardiogenic shock, or heart failure with advanced functional class compared with PCI alone.
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Interval meta-analyses of available randomized studies of manual thrombectomy, including TAPAS 4,5 and TASTE, 6 suggested that aspiration thrombectomy was associated with an overall reduction in major adverse cardiac events, all-cause mortality, stent thrombosis, and RMI at 6-to 12-month followup. The reasons underlying the discrepancy in pooled historical results, compared with the larger, more-recent clinical trials, are not entirely clear. It is plausible that smaller, regionally conducted manual thrombectomy trials were overly heterogeneous, influencing the findings of pooled analyses. Standard PCI practice has evolved such that faster door-to-balloon times, newer-generation drug-eluting stents, 11, 12 better oral antiplatelet therapy, and other contemporary advances may attenuate the added benefit conferred by manual thrombectomy. In fact, a
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prospective substudy of 214 patients enrolled in TOTAL showed that prestent culprit lesion thrombus burden, independently quantified by optimal coherence tomography in blinded fashion, was not significantly reduced by manual thrombectomy compared with conventional PCI. 13 
Concerning Safety Signal
The procedure itself appears to be generally well tolerated. Early meta-analyses 5,14 revealed a trend toward higher stroke risk with aspiration thrombectomy compared with PCI alone, although overall events were limited in number. Subsequent meta-analyses, 5 TAPAS, 7 and TASTE 9 did not substantiate this excess safety hazard. TOTAL was the first trial to prespecify and adjudicate stroke as a key safety outcome. In this trial, manual thrombectomy increased risk of stroke, compared with conventional PCI, at 30-(0.7% vs. 0.3%) and 180-day follow-up (1.0% vs. 0.5%). 10 The mechanisms driving these cerebrovascular events have not been well defined. Although there is a theoretical risk of stroke secondary to retrograde embolization of aspirated material or entrainment of air after manual thrombectomy, continued stroke hazard between 30 and 180 days observed in TOTAL 10 is not entirely consistent with these hypotheses.
The Future of Manual Thrombectomy
In this issue of the Journal of the American Heart Association (JAHA), 2 very interesting and informative studies 15, 16 aim to clarify the contemporary role of manual thrombectomy in clinical practice. Perhaps, one might hope, manual thrombectomy may require longer-term follow-up to show clinical benefit or may have utility in certain high-risk subgroups. Data from real-world, unselected patients may help refine any potential benefit of manual thrombectomy. Watanabe et al. 15 report 5-year clinical outcome data from a large, registry-based Japanese observational study. The investigators analyzed 3536 STEMI patients who presented within 12 hours of symptom onset, of whom 63% ultimately underwent PCI with manual thrombectomy. Although mortality was lower in patients who received manual thrombectomy compared with PCI alone, multivariate analyses did not reveal an independent survival benefit of this adjunctive device. Similarly, no risk-adjusted differences were observed in CVM, RMI, stroke, or target-lesion revascularization between the 2 groups. 15 It is possible that the subtle myocardial perfusion changes conferred by upfront manual thrombectomy may require longer-term follow-up beyond 1 year (as reported in definitive trials) to translate into clinical benefit. Robust follow-up was a major strength of the current study 15 with complete information available at 1 and 3 years in over 95% of patients. Late follow-up, however, did not uncover a clinical benefit of routine manual thrombectomy. Despite including a large cohort of consecutively enrolled PCI patients, cautious interpretation of these observational Japanese data are required given regional variation in PCI practices and newer clinical developments since the 2005-2007 study time frame. Absence of clinical benefit of manual thrombectomy has, however, also been demonstrated across a number of other large, recent observational experiences. [17] [18] [19] [20] The neutral outcome effect in all patients undergoing PCI may mask heterogeneity in particular subgroups. To better characterize this, in the second study, Fr€ obert et al. 16 report 1-year outcomes of manual thrombectomy in individual subsets of the TASTE study. The investigators found no heterogeneity in the efficacy of manual thrombectomy based on aspiration catheter or stent type, direct stenting, or postdilatation. 16 It is possible that certain high-risk subgroups may be excluded from clinical trials, but benefit from manual thrombectomy. However, Watanabe et al. demonstrated that even elderly patients and those presenting in cardiogenic shock do not appear to derive benefit from adjunctive manual thrombectomy.
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The Bottom Line
At this juncture, routine intracoronary manual thrombectomy cannot be recommended in all-comers presenting with STEMI undergoing primary PCI. The current clinical practice guidelines state that manual thrombectomy is "reasonable" for this indication (class IIa; level of evidence B), 1 but this will likely need to be reconsidered given recent robust neutral clinical trial data. There may be a role for manual thrombectomy in specific cases of very large visible thrombus or complications after primary PCI (such as development of occlusive thrombus and degradation of coronary flow), but even this would not be evidence-based practice. The stroke signal is somewhat concerning and requires further investigation. If this hazard is substantiated by more-detailed analyses from TOTAL, then use of manual thrombectomy should be restricted to bail-out indications alone. The narrative of manual thrombectomy reinforces the enduring necessity for large, definitive, randomized, clinical trials to determine whether interventions that improve surrogate or intermediate endpoints translate into favorable clinical outcomes. Manual thrombectomy has become widely adopted in contemporary clinical practice and is utilized in 60% of primary PCI cases. [17] [18] [19] [20] Even beyond modifying national and international guidelines, the strong pathophysiological basis and convenience of its use will pose major inherent barriers to curbing the widespread uptake of this costly device that provides no benefit on clinical endpoints from routine use in contemporary practice.
